Long-read RNA sequencing allows for the precise characterization of full-length transcripts, which makes it an indispensable tool in transcriptomics. The human cytomegalovirus (HCMV) genome has been first sequenced in 1989 and although short-read sequencing studies have uncovered much of the complexity of its transcriptome, only few of its transcripts have been fully annotated. We hereby present a long-read RNA sequencing dataset of HCMV infected human lung fibroblast cells sequenced by the Pacific Biosciences RSII platform. Seven SMRT cells were sequenced using oligo(dT) primers to reverse transcribe poly(A)-selected RNA molecules and one library was prepared using random primers for the reverse transcription of the rRNA-depleted sample. Our dataset contains 122,636 human and 33,086 viral (HMCV strain Towne) reads. The described data include raw and processed sequencing files, and combined with other datasets, they can be used to validate transcriptome analysis tools, to compare library preparation methods, to test base calling algorithms or to identify genetic variants. 
Background & Summary
Long-read sequencing surveys of eukaryotic transcriptomes have demonstrated the potential of this new technology in identifying novel transcripts and characterizing transcript isoforms [1] [2] [3] . The currently available long-read sequencing platforms have a relatively high error-rate and a low throughput. However, even in its present state, long-read RNA sequencing (RNA-Seq) is well suited for the characterization of smaller transcriptomes of organisms with known reference genomes, such as viruses [4] [5] [6] . However, only few long-read RNA-Seq datasets are currently available, therefore our understanding of the characteristics and limitations of this technology is still lacking. More transcriptomic data generated by long-read sequencing would also facilitate the development of analysis tools needed to evaluate such data.
The Human cytomegalovirus (HCMV) is a human pathogenic betaherpesvirus with a genome size of approximately 235,000 base pairs (bp). Northern blot and, more recently, Rapid Amplification of cDNA Ends (RACE) analyses have been utilized to characterize HCMV transcripts 7 . A recent Illumina-based short-read sequencing study has shown that the HCMV transcriptome is more complex than it had been recognized previously 8 . However, due to technical limitations, much of the HCMV genome remained transcriptionally unannotated 7 . We sequenced eight cDNA libraries, prepared from HCMV-infected fibroblast cells, with a Pacific Biosciences RSII sequencer to characterize the lytic HCMV transcriptome. To be able to capture transcripts with different expression kinetics, we pooled isolated total RNA from eight different post infection time points (1, 3, 6, 12, 24, 72, 96 and 120 h). Seven sequencing runs were carried out using oligo(dT) selection methods, to analyse the polyadenylated fraction of transcripts and one library was prepared by random primer amplification to capture non-polyadenylated transcripts as well. Our aim with these experiments was to assess the utility of Pacific Biosciences isoform sequencing (Iso-Seq) sequencing in the transcriptome profiling of HCMV, to identify novel viral transcripts and to complement the already existing viral transcriptome 9 . Here, we provide an overview of the library preparation methods used and a detailed description of the raw (Table 1 ) and the pre-processed data (Tables 2-4 ). The data contain 156,390 reads, 33,086 of which map to the HCMV (FJ616285.1) genome. As the pooled samples also contained RNA from early post infection time points, when host transcription has not yet been disrupted by the virus, most of the reads (122,636 reads) aligned to the human genome. The average read lengths aligning to the human and the HCMV genomes are 1,048 and 1,168 bp respectively, however the reads in the random-primer-amplified samples are generally shorter. Altogether 28,661 high-quality (>0.99) isoforms could be determined using the IsoSeq cluster routine. The seven poly(A)-selected sequencing runs are all technical repetitions, prepared from the same cDNA library, however, before loading onto the SMRTcells, three separate sample complexes were prepared. Table 2 shows that the sequencing yields can be rather different from the same library, but shows much less variation from the same sample complex. The read length distribution of the samples is visualized in Fig. 1 .
Methods
These methods are expanded versions of descriptions in our related work 9 .
Cells cultures and viral infection
Eight T75 cell culture flasks (Thermo Fischer) of human embryonic lung fibroblast cells (MRC-5, ATCC CCL-171) were grown at 37°C and 5% CO 2 in low-glucose DMEM supplemented with 10% FBS (Gibco Invitrogen), and 100 units of potassium penicillin and 100 μg of streptomycin sulphate per 1 ml. The 
RNA extraction and cDNA library preparation
The NucleoSpin ® RNA kit (Macherey-Nagel) was used to isolate RNA from all eight flasks (one for each time point). 10-10 μl isolated total RNA solution of each sample was taken and pooled before using the Oligotex mRNA Mini Kit (Qiagen) to select polyadenylated RNA, 23 ng of which was reverse transcribed with anchored oligo(dT) primers. 1-1 μl isolated total RNA solution of each sample was pooled and the rRNA was depleted by RiboMinus Eukaryote System v2 (Ambion) kit. The residual 2 ng RNA was reverse transcribed by random primers. No size selection has been performed on any of the samples. To maximize the performance of the SMRTcell, Run3 contained random selected cDNA samples from pseudorabies virus (PRV) infected PK-15 cells pooled together with the HCMV sample. The growth conditions and RNA extraction methods for this experiment followed the same protocols as described in our earlier article 5 . Runs 7 and 8 contained gDNA libraries of PRV, grown on PK-15 cell line. These libraries were prepared as described previously 10 .
SMRTbell template preparation and SMRT sequencing
cDNA production and SMRTbell library preparation were carried out according to the PacBio Iso-Seq protocol, using the Clontech SMARTer PCR cDNA Synthesis Kit. The cDNA was amplified through 18 cycles. SMRTbell template libraries were prepared using 500 ng of amplified cDNA sample with the PacBio DNA Template Prep Kit 2.0. Annealing of the sequencing primer and binding polymerase P6 to the SMRTbell templates were performed according to the recommendations of the PacBio calculator. The polymerase-template complexes were bound to MagBeads, loaded onto SMRTcells and sequenced on the PacBio RS II sequencer. Briefly, the sequencing primer was diluted to 150 nM in PacBio Elution Buffer (EB). The annealing reaction was carried out with 1 μl library DNA (cc: 24 ng μl −1 ), the diluted primer and 10x primer buffer. The final concentration of the mixture was 0.8333 nM. Annealing was performed at 80°C for 2 min then the temperature was ramp to 25°C at a rate of 0.1°C per sec. DNA polymerase was diluted to a final concentration of 50 nM in Binding Buffer v3 (BB). Diluted polymerase was bound to the annealed template with the following components: dNTP, DTT and BB. The final concentration of the complex was 0.5 nM and it was incubated at 30°C for 4 h. 0.5 μl from the sample complex and 18.5 μl MagBead Binding Buffer were mixed (the final concentration was 0.0125 nM). MagBeads were prepared in short, as follows: 73.9 μl MagBeads were washed with 73.9 μl MagBead Wash Buffer, then 73.9 μl MagBead Binding Buffer was added. The sample complex was bound to the washed, prepared MagBeads for loading to the RSII sequencer: sample complex (19 μl) was added to the beads, and then it was incubated in a rotator at 4°C for 30 min. After incubation, the MagBead-bound complex was washed with 19 μl Bead Binding Buffer, then with 19 μl Bead Wash Buffer and resuspended in 19 μl Bead Binding Buffer. The total amount of the MagBead-bound complex was loaded onto the machine. Seven SMRT cells were used for sequencing the poly(A) + library and one for the random primer-based library.
Read processing
Consensus reads were generated following the RS_ReadsOfInsert protocol of the SMRT Analysis (v2. 
Data Records
All sequencing data have been uploaded to the European Nucleotide Archive under the project accession PRJEB22072 (Data Citation 1). These data contain: raw h5 files, consensus sequences in FastQ format and mapped reads (mapped to the hg19 and to the FJ616285.1 genome builds). All data can be used without restrictions.
Technical Validation
The isolated RNA and reverse transcribed cDNA fractions were quantified by Qubit (Life Technologies) fluorometer. The conditions for primer annealing and binding of the polymerase were determined by PacBio's Binding Calculator in RS Remote. The libraries were measured by an Agilent 2,100 bioanalyzer using the Agilent High Sensitivity DNA Kit. To confirm the strain of the virus, a BLAST 12 search was conducted, where all reads were aligned against all the complete human betaherpesvirus 5 genomes in the NCBI database. The reads aligned to the FJ616285.1 genome showed the fewest mismatches (Table 5) , therefore this genome build was used as a reference genome to analyse the data.
Usage Notes
These datasets were primarily produced to discover HCMV transcripts and as such, it is suitable for validating transcript candidates or testing transcript discovery tools. The raw files can be used to improve base calling algorithms or to develop new tools processing raw PacBio files. FastQ and binary alignment (bam) files have also been uploaded for each SMRT cell to facilitate the usage of the data. The FastQ files can be mapped to any reference genome, while the bam files contain reads already aligned to the FJ616285.1 and hg19 genomes. These aligned files can be analysed using for example samtools 13 and bedtools 14 or visualized using e.g. IGV 15 or Geneious 16 . The uploaded files are not trimmed, they contain terminal poly(A) sequences as well as the 5′ adapter (AGAGTACATGGG), which can be used to determine the orientations of the reads.
The isolate of the HCMV strain Towne sequenced in these experiments shows several mutations compared to the closest reference genome (FJ616285.1) available in public databases, the most important being that our isolate only contains varS of the two variants described to be present in the ATCC HCMV strain Towne virus stock (VR-977). This rearrangement is mentioned in the description of the FJ616285.1 genome build. The analysis of genetic variants detected in our isolate can be used to compare to genetic variants found in different HCMV strains or isolates.
